Summary In vitro cloned lines derived from a primary nickel-induced rat rhabdomyosarcoma exhibited diverse levels of susceptibility to spontaneous NK activity. The presence of NK target structures was revealed by competition assays on all cloned cell lines, and the NK susceptibility of the tumour lines varied according to their osmotic fragility. Tumour cell lines derived from metastatic lung nodules presented similar NK susceptibilities to cells originating from the primary tumour. However, cloned cell lines differed in their capacity to form lung colonies after i.v. injection, and in their potential for invading lungs after s.c. primary tumour development. No correlation was found between lung colonization potential and NK resistance. Studies of the correlation between metastatic potential and NK sensitivity revealed that (1) all the NK resistant tumour cells were highly metastatic; (2) NK susceptible tumour cells could be either highly or weakly metastatic. Therefore, highly metastatic tumour cells could be either resistant or susceptible to NK lysis. We conclude that the property of resistance to NK contributes to a high metastatic potential. However, other properties could counterbalance and finally prevail over NK susceptibility thus enabling NK susceptible cell lines to be also highly metastatic.
The heterogeneous nature of tumour cells has been described for characteristics such as chromosome content (Cifone et al., 1979; Wang et al., 1982) , drug sensitivity (Tsuruo et al., 1981; Yung et al., 1982; Heppner et al., 1978) , cell density (Baniyash et al., 1981) , cell growth rate in vitro , the capacity to produce enzymes or basal membrane components (Liotta et al., 1980) , and the potential to induce an immune response (Mantovani et al., 1981; Gorelik et al., 1979; Prehn 1970) . Diverse metastatic behaviour is also a feature of tumour cell heterogeneity and was used by to select variants. The metastatic capacity of tumour cells may be related among other factors to their resistance to the natural immunity of the host.
The early cloning of a primary nickel-induced rat rhabdomyosarcoma maintained in vitro, without in vivo transplantation, has provided a useful tool for the study of heterogeneity (Sweeney et al., 1982) . In the present study, we have used this model to examine the heterogeneity of cloned tumour cells with respect to their NK susceptibility. Experiments were performed to determine whether the observed differences were related to the number of NK target structures on the tumour cell surface, or to the degree of fragility of their membranes. Moreover, the differentiation status of the tumour cells was explored, because these particular cells differentiate to varying degrees to form myotubules. The NK sensitivity of disseminated cells recovered from metastases was also treated.
The last and most important question concerned the relationship between the NK susceptibility of the cloned tumour cells and their behaviour in vivo, their tumorigenicity and their metastatic potential after subcutaneous or intravenous injection.
Materials and methods

Animals
Ten to 14 week-old female WAG rats were used as NK donors, unless otherwise specified. Similarlyaged male WAG rats were used as recipients of tumour cells, all rats being bred at the Institut de Recherches Scientifiques sur le Cancer (Villejuif, France) under SPF conditions.
Tumour lines
The primary rhabdomyosarcoma appeared at the site of i.m. injection of 10mg of Nickel (Prolabo, France) in the thigh of a WAG male rat. When the tumour reached 30mm in diameter, it was minced in PBS and dissociated in a 0.25% trypsin in PBS solution. The parental tumour cells, denoted as 9-4/0, were cultivated in Dulbecco's modified Eagle's medium (Grand Island Biological Co.) supplemented with 10% heat inactivated foetal calf serum and 1% antibiotics. Cloned cell lines were isolated from the 9-4/0 parental cell line using two methods. The F 9-4 cloned cell lines were isolated in liquid medium. A suspension containing 1 cell ml-'1was distributed at 0.25 ml per well in a microtest II culture plate (Falcon). Colonies were replated for one passage in a 60mm Falcon Petri dish and then recloned as above. The J 9-4 cloned cell lines were isolated in semi solid medium, the 9-4/0 cells being cloned at 100 cells per plate in culture medium containing 0.5% agarose, following a modification of the technique of Montagnier (1966) . Isolated colonies were removed from the gel and recultured in liquid medium. The 9-4/Fr cell line was isolated after in vivo passage. This fibroblastic cell line was non-tumorigenic with a chromosome content of 40. The 9-4/LMN cell lines were obtained by dissociation in trypsin solution of several metastatic lung nodules, developed after the growth of a s.c. tumour. The YAC cell line, a T cell lymphoma originally induced by Moloney Leukemia Virus in an A strain mouse, was used as the control for testing the NK activity of rat spleen cells. All cells were repeatedly tested for freedom of mycoplasma contamination by staining with Hoechst 33258 (Chen, 1977) . The parental, cloned cell lines, selected Fr and LMN and YAC cell lines were stored in liquid nitrogen in nutritive medium with 10% glycerol.
Cytotoxicity assay Tumour cells were harvested from subconfluent cultures by trypsinization, incubated at 37°C for 2 h with 51Cr (New England Nuclear, W. Germany). After washing, labelled cells were counted and viability assessed by trypan blue exclusion, the suspensions then being adjusted to 105 viable cells ml -. The spleen of a female WAG rat was dissociated and the number of viable cells was determined for performance of the test. Labelled target cells and splenic effector cells were suspended in RPMI 1640 medium (Grand Island Biological Co.) containing HEPES 40mM, 10-4 M mercaptoethanol, and 1% antibiotics; 4 dilutions of effector cells being prepared to give effector: target (E: T) ratios of 200, 100, 50 and 25 to one labelled target cell in a final volume of 0.2 ml (in triplicate), in a Microtest culture plate.
After a 5 h incubation at 370C in a 5% CO2 atmosphere, 0.1 ml of supernatant was harvested from each well and radioactivity monitored in an LKB counter. The percent lysis was calculated from the formula: 100 x(E-S) T-S (TD50> 104). The metastatic capability was evaluated at autopsy. Spontaneous lung metastases were counted and lymph nodes were examined for tumour invasion at the lumbar aortic site.
In the second procedure, 10 rats were given identical i.v. injections of iOs tumour cells in the tail vein, for each of the cell lines. All animals were sacrificed 7-10 weeks after injection and the number of nodules (experimental lung metastases) was determined.
Results
Susceptibility of parental, cloned and selected tumour cell lines to NK lysis. NK susceptibility of the tumour cell lines at an E: T ratio of 200:1 appears in Figure 1 . Splenic lymphocytes from the 3 month-old female WAG rats were used a source of NK effector cells, the lysis of YAC cells being used as a control of lytic activity. When the threshold of significant susceptibility was considered to be 10% of lysis, the 9-4/0 parental cell line was weakly susceptible, and the 9-4/Fr line, (non-tumorigenic fibroblasts), were strongly resistant to NK lysis. All 8 agar-selected "J" clones were susceptible, particularly the J 9-4/1. The 15 liquid medium selected "F" clones included 8 resistant (F 9-4/6, 9, 11, 18, 20, 22, 23) and 7 susceptible lines. The two cell lines derived from metastatic lung nodules (dissemination of the J 9-4/1 tumour after s.c. injection of J 9-4/1 cloned cells, and of the similarly transplanted 9-4/0 tumour) were susceptible to NK lysis.
The competitive activities of cloned cell lines in the lysis of the labelled YAC cells by NK cells were evaluated to determine if the lines differed in their expression of NK target structures. As shown in Table I , the 9-4/0 parental cells and cloned cell lines that differed in their NK sensitivity all demonstrated a high capacity for competition with the labelled YAC cells. 9-4/Fr cells were also highly competitive. The binding capacity of tumour cells to splenic lymphocytes was also measured to determine whether the resistance to NK lysis could be related to variable degrees of contact between effector and target cells. Representative results are presented in Table I . The binding capacity of the 9-4/0 parental cell lines exceeded those of YAC cells, which was 13%. The cloned cell lines varied in their binding capacities, from 10% for the F 9-4/22 to 30% for the F 9-4/18 clone. In general the results did not demonstrate any correlation between susceptibility to NK lysis and the binding potential of tumour cells.
In order to test the role of the fragility of the cell membrane in their susceptibility to NK lysis, the cloned cell lines were submitted to osmotic variations. The different lines showed a similar (Table II) showed that TD50 values classified the cloned cell lines into 3 groups, high TD50 (>104) for J 9-4/1, 2, 4, F 9-4/18, which are therefore weakly tumorigenic. Intermediate TD50 ( < 104, > 103) for the J 9-4/3, 9, 10, F 9-4/6, 13, 14, 20, 25 cloned cell lines, the parental line and the line selected from metastatic nodules. Nine cloned cell lines showed a low TD50 (<103) and thus were highly tumorigenic (J 9-4/7, 11 and F 9-4/8, 9, 11, 17, 21, 22, 23) Correlations between NK susceptibility and each of these parameters were evaluated (Table III ). An inverse correlation was found between NK susceptibility and metastatic invasion of the lumbar aortic area observed after s.c. growth of a tumour (p<0.02). A tendency (p<0.10) toward a relation existed between NK susceptibility and the mean number of spontaneous lung metastases. No correlation was found between NK susceptibility and experimental lung metastases (i.v. induction).
Discussion
In this study we have demonstrated that the NK susceptibilities of different cell lines derived from a single primary tumour are heterogeneous. The parental line, 9-4/0, was susceptible to NK lysis, but several of the derived cell lines were resistant. A non-tumorigenic fibroblastic line isolated from the culture of the primary tumour was resistant to NK lysis, and similar results have been described by Nunn et al. (1977) for murine fibroblasts. The competitive activity of unlabelled parental and cloned cells in lytic tests using YAC cells indicated that all the lines bear target structures for NK cells. No correlation was found, however, between this competitive activity and the NK susceptibility of the various cell lines. All the cell lines had the capacity to bind to splenic cells, this being the first step in the lytic process (Roder et al., 1978) . It should be noted that we measured the percentage of tumour cells with adhered splenic lymphocytes and this varied between the cell lines. However, the percentage of the total splenic lymphocytes involved in this phenomenon was fairly constant (-10%). Susceptibility to NK lysis was closely correlated to osmotic fragility; this observation has also been made by . In addition a relationship between osmotic fragility and metastatic capacity has been described by Schirrmacher et al. (1979) in a murine tumour model.
The susceptibility of the cell lines to NK lysis was also evaluated in relation to the extent of myotubule formation by these rhabdomyosarcoma cells. Also, a poorly differentiated cell line was induced to undergo further differentiation by serum depletion. This change was accompanied by a significant decrease in the susceptibility of the line to NK-mediated lysis. A correlation between the state of differentiation of-tumour cells and their resistance to NK lysis has also been observed by Gidlund et al. (1980) in several models.
The cellular content of lung metastases from two cell lines was examined with respect to NK susceptibility as Gorelik et al. (1979) and the metastasis. We found that the NK susceptible phenotype was extremely stable both after passage in culture and after one in vivo transplant and subsequent culture. An attempt to select an NK resistant phenotype from the susceptible J 9-4/1 cell line by repetitive contact with NK cells, as described by , did not succeed even after 10 assays (data not shown). It cannot be excluded that the cultivation of cells originating from metastases might modify their NK susceptibility as previously described by who showed a shift to susceptibility of resistant metastatic cells. Otherwise, the escape of NK susceptible cells through the host defence system could be due to a depression of that defence, as demonstrated by Becker et al. (1976) and Erlich et al. (1980) in relation to tumour growth. In a previous study (Sweeney et al., 1982) we showed that a series of cell lines cloned from a primary rhabdomyosarcoma were heterogeneous with regard to their tumorigenicity, growth and metastatic capacities. Unlike Collins et al. (1981) we did not observe any relationship between NK susceptibility and the cell dose required to produce 50% tumour takes (TD50). The relationship between NK susceptibility and metastatic capacity depends upon the protocol used to obtain the metastases. The metastatic capacities were examined either by s.c. injection of cells and subsequent dissemination (spontaneous metastases) or after i.v. injection of cells (experimental metastases or colonies). The relationship between spontaneous metastatic capacity and NK susceptibility was inverse, as previously observed in the B16 tumour model by Stackpole (1981) . The incidence of lung colonies after i.v. injection of tumour cells was not correlated with their NK susceptibility. Metastases obtained after s.c. injection should, however, be considered in closer detail. A significant correlation exists between the percentage of rats developing lumbar aortic metastases, and the NK resistance of the cell lines. The relationship between lung metastases and NK resistance is less clear. If we separate the cell lines into two groups according to their susceptibility to NK lysis ( <10% at the 200: 1 E:T ratio) and divide these two groups into low metastatic ( <10 lung metastases) or high metastatic lines (Table IV) we find that all the NK resistant lines are highly metastatic. However, the NK susceptible lines were equally distributed between the high and low metastatic groups. This is also true if we distribute the cell lines on the basis of lumbar aortic invasion and NK resistance. The significance of these observations can be interpreted in two ways. The first follows the general conclusions of Hanna and Fidler (1981) and that NK resistance of tumour cells leads to a Low High F 9-4/6 F 9-4/14 F 9-4/23 F 9-4/9 x F 9-4/11 F 9-4/25 0 J 9-4/1 F 9-4/17 x F 9-4/18 J 9-4/9 F 9-4/20 J 9-4/10 F 9-4/21 9-4/LMN F 9-4/22 9-4/0 J 9-4/2 J 9-4/3 J 9-4/4 J 9-4/7 J 9-4/11 F 9-4/13 F 9-4/18 0 0--high metastatic potential, as we have observed. The second alternative is to question the importance of NK surveillance in metastasis formation since susceptible lines can have either a high or a low metastatic capacity. Susceptibility to NK lysis does not appear to influence the metastatic capacity of these lines.
We believe that it is unreasonable to reject the hypothesis that NK cells play a role in controlling metastatic dissemination. They do not, however, appear to have the major role in determining the fate of disseminated cells. Many factors intervene in the metastatic process, such as adhesion (Vlodavsky et al., 1982) synthesis of extracellular matrix components such as fibronectin (Neri et al., 1981) , coagulation factors such as platelets (Karpatkin & Pearlstein, 1981; Hilgard, 1973) , production of proteolytic enzymes (Jones & Declerck, 1980; Wang et al., 1980; Sloane et al., 1982) and other influences of the immune system. Studies in progress of the fibronectin content of these cells reveal a similar influential, but non-determinant, role in metastasis.
We conclude that many factors may aid or prevent the metastatic process, that none of these can alone determine its outcome. Susceptibility to spontaneous cell-mediated cytotoxicity is but one of these factors.
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